The evaluation of the effectiveness of storage as a point-of-use means for improving the bacteriological quality of drinking water was carried out using a completely randomized block design. Total plate and total coliform counts were enumerated for day 0 -10 samples using Nutrient Agar (NA) and multiple tube techniques respectively. Physicochemical analyses of water samples were carried out using standard procedures including titrimetric methods. Ten bacteria species including Escherichia coli, Bacillus cereus, Citrobacter freundil, Salmonella typhymurium, Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella pneumoniae, Arizona spp., Proteus vulgaris, Enterobacter aerogenes were isolated from water samples obtained from borehole, well and sachet water samples in the study area. For day zero samples, it was found that the total bacteria counts ranged from 1.01x10 2 to 4.38 x10 2 CFU/mL for borehole, 0.57x10 2 to 2.13x10 2 CFU/mL for well and 0.54x10 2 to 0.92x10 2 CFU/mL for sachet water. A significant reduction in bacteria load was recorded for all samples from day 2 to day 7 when the water samples were monitored over a period of ten days. The results reveal that water storage for 2-7 days is a viable point-of-use method of household level drinking water disinfection.
INTRODUCTION
In order of importance to life, water is second only to air. Water is so crucial to most metabolic processes in the human body that death results within three to seven days without water (Tortora and Derrickson, 2007) . The WHO estimates that over 1 billion people worldwide lack access to safe water (WHO, 2004 (WHO, , 2006 . The most challenging constraints to the universal provision of piped borne water are economic and political. This means that many of the poorest people on earth are saddled with the responsibility of collecting, treating (at the point of use) and storing their drinking water by themselves at the household level (Sobsey, 2002) . Lack of access to safe drinking water is known to increase the risk of contracting diseases such as diarrhoea, cholera, typhoid, hepatitis A and amoebic dysentery (WHO, 2006) . Reports show that every year 4 billion cases of diarrhoea result in 2.2 million deaths in children under 5 years old, the elderly and immune-compromised individuals, particularly in less developed countries (WHO/UNICEF, 2000) .
While recent reports indicate a decrease in fatalities caused by water-borne epidemics in Asia, the fatality rate in Africa remains the same. For example, Adikari and Yoshitani (2009) reported a 58% and 28% total fatality in Africa and Asia respectively during the period from 1980 to 2006 even though the number of water-related disasters such as flood and tsunami were higher in Asia than in Africa. Natural disasters such as flood and tsunamis are known to exacerbate the impact of water-borne epidemics. These kinds of reports reveal the lack of commitment to developing adequate infrastructures required to provide access to safe drinking water in Africa. Serious shortages in the quality and quantity of water supply in Nigeria are well documented (Fragio, 2005; Dada, 2009; Jimoh and Wojuola, 2009) . These shortages are due to increased population growth, urbanization, climate change and existing un-sustainability factors among other risks associated with conventional urban water management especially in developing countries (Khatri and Vairavamoorthy, 2007) .
The Nigerian government has set up such agencies as the Federal Environmental Protection Agency (FEPA) and the National Agency for Food and Drug Administration Control (NAFDAC) mandated to protect, enforce, restore and set the water quality standards in Nigeria. However, due to the limited success of these agencies to fulfil their mandate, the public relies solely on private wells, boreholes, stored rain water, water vendors and more recently sachet water for drinking (Egwari and Aboaba, 2002; Dada, 2009) . In most Nigerian cities and towns pipeborne water is either non-existent or at best fraught with epileptic supply. In Lagos, Nigeria for example, a city of about 12 million people, the public water covers only about 35% of the population while 65% of the population rely on other sources such as private wells, boreholes and water vendors. This situation is further worsened by the fact that Lagos like other Nigerian urban communities does not have any central wastewater collection system, while less than 12% of households have a working waterborne system (World Bank, 2000) . The implications of these statistics to the risk of water-borne epidemics are self-evident.
Water borne outbreaks of enteric diseases is known to be most severe in children under 5 years of age manifesting as acute diarrhoea and often requiring hospitalization. In adults, diarrhoea episodes are often less severe, and resolves without serious medical care. In Nigeria, it is estimated that 315,000 mortalities of children occur annually due to diarrhoeal diseases (Federal Ministry of Health of Nigeria, 1991) . More recent studies show that the situation remains unabated as sporadic outbreaks of cholera has been reported in many parts of Nigeria. These outbreaks even though not caused by a single common source; contamination of drinking water constitutes the most easily identifiable outbreak-specific vehicle.
The (Alabi et al., 1998; Egwari and Aboaba, 2002; Raji and Ibrahim, 2011) . The World Health Organization guidelines for bacteriological water quality recommends that all water intended for drinking should contain no coliform organism in any 100 ml sample taken and should be free from all hazardous materials as well as being tasteless (WHO, 1995) . However, in various parts of Nigeria, data show that the microbial load of drinking water falls out of the margin tolerated by WHO guidelines (Olowe et al., 2005; Onifade and Ilori, 2008; Onweluzo and Akuagbaezie, 2010) . On the other hand, erratic supply of piped water has made water storage a necessity in most Nigerian communities. Apart from making up for water shortage, water storage serves another important purpose of reducing the microbial load of drinking water from untreated sources such as well, borehole and from treated sources such as sachet.
Sachet water refers to treated water sold in 50-60 mL polythene sachets under license from the National Agency for Food and Drug Administration Control (NAFDAC). Research has shown that even though regarded as treated, when sachet water samples were examined for the presence of coliforms; 20-90% incidence of pathogenic bacteria have been reported in some cases (Dada, 2009; Edema et al., 2011) . This kind of reports is indicative of non-compliance of manufacturers to NAFDAC and other governmental agencies' guidelines aimed at maintaining the WHO standards for the quality of drinking water.
New strategies are emerging worldwide in order to tackle the spread of water borne diseases at the household level. Referred to as Household Water Treatment (HWT) or Point Of Use technologies (POU), these methods are aimed at reducing exposure to waterborne pathogenic microbes at the household level (Sobsey, 2002; Clasen et al., 2007) . These methods include storing water for a few days to reduce microbiological load before drinking, solar disinfection whereby drinking water stored in transparent polythene bottles is exposed to the infra red rays of direct sunshine for 6 or more hours a day to reduce bacterial load, use of filters or a combination of these methods.
Many reports have pointed out the importance of a few days of indoor storage in improving the physical and microbiological quality of water. The duration of storage is also known to affect the microbiological quality of stored ground water (Olayemi et al., 2005; Eniola et al., 2006) . Storage acts in three ways; sedimentation, equalization and devitalisation (Graham et al., 1984) . Moreover, exposure to light is a well known effective means of microbial control; the fact that even visible light, when present in sufficient intensity can damage or kill microbial cells is well established (Prescott et al., 1999) .
Pipe borne water is not available in the 3 urban communities of the Obafemi-Owode Local Government of Ogun State, Nigeria covered by the present work. As a result, this population relies solely on well, borehole and sachet water for drinking purposes. Other drinking water sources (although to a minimal extent) that may be found in this area include stored rain water and bottled treated water. These factors make the present area a good choice for studies in drinking water quality in rural Nigeria. The present work is aimed at using the data obtained from this study as a model for determining if water storage is a HWT/ POU option for improving the bacteriological quality of drinking water in rural Nigeria. In assessing the effectiveness of storage as a means of improving the bacteriological quality of drinking water in the study area, the total heterotrophic bacteria count and the total coliform count as well as some physicochemical parameters were examined over a period of 10 (ten) days.
MATERIALS AND METHODS

Study site
This study was carried out in 3 urban communities namely Mowe (N 06˚ 48. 220΄ E 003˚ 26. 167΄), Imendu-Nla (N06˚ 48. 241 E003˚ 26. 303΄) and Loburo (N 06˚ 49. 240΄ E 003˚ 27. 033΄) communities in Obafemi Owode Local Government, Ogun State, Nigeria between January and March, 2011.
Collection of samples
Samples of bore-hole tank, well, and sachet water were collected at different locations in Ogun State. Bore-hole water collected at three different locations was designated B1, B2, and B3. Well water also collected at three different locations was designated W1, W2, and W3. The sachet water samples were purchased based on popularity at three different locations and were designated S1, S2, S3 and S4. Samples were taken to the laboratory and labeled accordingly. Analyses were carried out within few hours after sampling. All the water samples were poured into and stored in labeled sterile plastic taper bowls according to standard methods (Radojevic and Bushkin, 2006) .
Physical examination
Visual examination of features external to the water itself such as the label and presence of certification number and other product information of the sachet water samples were noted. Specific odour and appearance, and presence of extraneous materials and floating particles were also noted.
Physicochemical analytical techniques
Physicochemical analyses of the drinking water samples were carried out according to standard procedures described by Ademoroti (1996) and Radojevic and Bushkin (2006) . Temperature and pH measurements were conducted immediately after collection of the samples. pH measurements were conducted at 25±1 ˚C using model 3505 pH meter (Jenway, Ltd, U.K). The pH meter and electrodes were calibrated with buffer solutions of pH 7 and pH 4 for pH determinations. Conductivity was carried out using model 960 conductivity meter (Schott, Ltd, Germany). This was calibrated with standard potassium chloride solution and the results presented in µS cm -1 .
Hardness of drinking water samples were determined using direct titration with ethylene-diamine-tetra-acetic acid, EDTA (0.01M). This was standardized against standard calcium or magnesium solution. 100 mL of water sample was measured. 1 mL of buffer was added proportionally with Eriochrome Black-T indicator and then titrated with the EDTA solution slowly from a micro-burette. The change from red colour to blue colour showed the end point.
Chloride ions were also determined using titrimetric method. The water samples, 50 mL each were placed in a 100 mL conical flask and made up to the mark with distilled water, 0.1 mL of K 2 CrO 4 was added and titrated against 0.0282 M AgNO 3 . All physicochemical tests were conducted within a few hours of obtaining the water samples and also at the end of the 10 days of storage.
Bacteriological analysis
Total heterotrophic bacteria count of the drinking water samples was determined using pour plate method. The plates were inoculated aerobically at 37 ˚C for 24 hours. The total coliform bacteria were determined using the multiple tube fermentation tests and the calculated coliform density computed by the Most Probable Number (MPN) procedures (APHA, 1998). All measurements of parameters were made in triplicates. Results obtained were statistically analyzed using Analyse-it® v. 2.20, statistical software for Microsoft Excel. Variations were considered significant at p≤0.05.
RESULTS
Untreated water sources
Physical examination of the untreated water samples from boreholes and wells used in the present study revealed that none of the well water samples met the WHO standards for physical appearance. The well water samples were turbid and/ or with odour, unlike the samples from the borehole that were colourless, odourless and with no particles as recommended by the WHO (Table  1) . (Table 2) . Moreover, the total bacterial counts for well water samples were found to range from 7.8 x 10 1 to 7.7 x 10 2 for well water and 9.8 x 10 1 to 4.9 x 10 2 for borehole water samples.
The bacterial counts typically increased from a base amount within hours of sample collection, reaching its peak by Day 2 of the evaluation then reducing gradually until the tenth day for all the untreated water samples. The greatest reduction in bacterial count was recorded for the Day 2-4 samples regardless of whether the samples were drawn from borehole or well sources (Table 3) . Moreover, a significant reduction in bacteria load of the water samples which generally tapered off approaching the tenth day when the observations were terminated is also shown in Table 3 . The well water samples generally exhibited the highest total bacteria count, when compared with other water sample sources. However, there were no differences in the total bacteria count for borehole and well water samples in some cases (Table 3) .
The coliform count ranged from 7 to 180 MPN per 100 mL for borehole water samples while ranging from 5 to 180 MPN per 100 mL for well water samples. In all cases except for borehole water from location 2 and well water from location 3 where a dramatic reduction in coliform count from 180 to < 10 MPN values were recorded, all untreated water samples displayed total coliform counts in the 160 to 180 MPN per 100 mL range throughout the duration of the experiment (Table 3) .
A total of ten bacterial species: Escherichia coli, Bacillus cereus, Citrobacter freundil, Salmonella typhymurium, Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella pneumoniae, Arizona spp., Proteus vulgaris, Enterobacter aerogenes were isolated; their distribution among the samples are shown in Table 3 . Water samples from the borehole located at Imedu Nla was found to contain 9 out of the 10 organisms isolated; an average of 5 organisms was isolated from other sample sources (Table 4) . Table 5 shows a record of the results of the physical examination of the sachet water samples. Other than displaying the manufacturer's name, address and NAFDAC number, none of the brands showed other necessary information such as batch number, date of manufacture and best before date (Table 5) .
Treated water sources
Conductivity values of the sachet water samples ranged from 76.05-181.20 µS cm -1 (Table 2) .
Moreover, the total bacterial counts for sachet water samples were found to range from 5.1 x 10 1 to 4.5 x 10 2 . The bacterial counts typically increased from a base amount within hours of sample collection, reaching its peak by Day 2 of the evaluation then reducing gradually until the tenth day when the experiment was terminated. The greatest reduction in bacterial count was recorded for the Day 2-4 samples ( Table 3 ). The percent reduction in bacteria load of the water samples generally tapered off approaching the tenth day when the observations were terminated.
There were no differences in the total bacteria count among the different sachet water brands (Table 3) . Even though the coliform count recorded for the sachet water brands was significantly lower than those for the untreated water samples, all the sachet water samples still failed to meet the zero tolerance levels stipulated by NAFDAC for the presence of coliforms in treated water. The coliform count ranged from 0 to 18 MPN per 100 mL. In all cases the coliform count was zero when evaluated within hours of purchase (Day 0) but increased to 18 MPN per 100 mL for all the brands until the experiment was terminated on the tenth day of storage (Table  3) .
Out of a total of ten bacterial species isolated from all the water samples, an average of 5 organisms was isolated from the sachet water samples (Table 5) . Even though E. coli was not found in any of the sachet water samples, Salmonella typhymurium was isolated from one of the brands evaluated. Staphylococcus aureus was isolated from 2 of the brands of sachet water while Proteus vulgaris was isolated from all the water samples tested (Table 4) . 
= sachet water brand no.1 S2 = sachet water brand no. 2 S3 = sachet water brand no. 3 S4 = sachet water brand no. 4 +: Displayed on sample label; -: Not displayed on sample label Total bacteria count is expressed in colony forming units (CFU) while the coliform count is expressed in most probable number (MPN) as described in Cheesbrough (2000) . Legend: Samples with different alphabets are significantly different from one another using Duncan's Multiple Range Test at P≤0.05 i.e. Locations B1, W2 and W3 are significantly different from locations B2 and W1. Locations B1, W1 and W2 are significantly different from location W3 while Locations B1, B2, W2 and W3 are significantly different from Sachet 3 when compared for the amount of reductions recorded in mean population of bacteria in the water samples due to storage for ten days. 
DISCUSSION
The results of the present study reveal the great risk of contamination of drinking water due to unavailability of municipal water supply in the study area. Table 1 shows that most of the untreated drinking water sources available to members of this community fail to meet the WHO standards for taste, odour and physical appearance. Taste and odour in drinking water is indicative of pollution either from microbes or chemical sources. A high level of turbidity is known to protect microorganisms from the effects of disinfection and can stimulate bacterial growth. The presence of particles recorded for the well water samples evaluated in the present study correlates well with the high bacterial load recorded for well water in this community.
All of the sachet water brands evaluated in this study failed to meet the compliance levels set by the National Agency for Food and Drug Administration (NAFDAC) for label requirements. However, the fact that all the sachet water brands evaluated met the WHO standards for physical appearance demonstrates the superior quality of the treated water sources when compared to the untreated borehole and well water sources. This observation also underlines the importance of the water vendors to the provision of potable drinking water in this community due to the absence of municipal water. The present study however reveals that none of the brands complied with the NAFDAC labelling regulations requiring food labelling to be informative and accurate (NIS, 2007) . None of the brands examined in this study displayed such required information as batch number, manufacturing date, best before date and nutritional information even though all of the brands provided the producer's name and address including the NAFDAC number. Similar observations have been reported in various parts of Nigeria (Dada, 2009; Edema et al., 2011) . The zero compliance to labelling requirements reported in different parts of Nigeria underscores enforcement issues with government regulations when compared to Tanzania showing a 54% compliance rate in a similar study (Kassenga, 2007) .
Physicochemical analysis of the water samples from boreholes and wells revealed that none of the samples met the quality assessment parameters of the Nigerian Industrial Standard (NIS) for Ca 2+ , Mg 2+ and Cl -. The values recorded in the present study exceeded the NIS set limits for these ions (NIS, 2007) . The pH and temperature recorded for all the tested water samples however met the NIS set limits as shown in Table 3 . Physicochemical analysis of the sachet water samples followed a similar pattern as the untreated and failed to meet the quality assessment parameters of the Nigerian Industrial Standard (NIS) for Ca 2+ , Mg 2+ and Cl -. The values recorded in the present study were found to exceed or to fall significantly below the NIS set limits for these ions (NIS, 2007) . By the end of the evaluation period of ten days, a significant increase in the amount of Ca 2+ and Mg 2+ ions was observed. Even though there was a slight increase in the Cl -amounts for all the sachet water samples, the values were still significantly lower than the NIS requirement for treated water (Table 4) . Sobsey (2002) identified methods such as chlorination, iodine, filtering and solar disinfection as viable point-of-use or household level disinfection of drinking water. The present report shows that water storage for 2-7 days is another viable method that may be added to the repertoire of household level methods to alleviate the weak health infrastructure due to high numbers of fatalities for many preventable diseases such as diarrhoea directly traceable to poor water supply and sanitation and unhygienic living conditions in rural communities. Due to its inexpensiveness and effectiveness demonstrated in this study it is hoped that water storage will be embraced as a viable water treatment option in poor rural communities in Nigeria and elsewhere.
